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(54) Coupled line and method of manufacture 

(57) Coupling between a pair of microstrip lines 3, 4 is improved by reducing the gap g1 between them 
beyond conventional manufacture limitations. The lines are formed with trapezoidal cross-sections, with the 
longest major sides uppermost, and the shorter sides in contact with the dielectric substrate 2. The lines are 
produced by applying a resist 1 1 onto the surface of the substrate and exposing the resist through a 
photomask. The resist is then developed to remove unnecessary areas, creating trapezoidal openings for the 
lines. The lines are then formed by electroplating, evaporation, or sputtering etc in the openings. The 
remaining resist may then either be removed (figure 1) or be left in place (figure 2), which improves the 
capacitance between the lines. 
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At least one drawing originally fil d was informal and the print reproduced here is taken from a lat r filed formal 
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COUPLED LINE AND METHOD OF PRODUCING THE SAME 

The present invention relates to a coupled line, and more particularly, to a 
coupled line for use at high frequencies. 

Fig. 4 is a cross-sectional view of a conventional coupled line including 
microstrip lines. Referring to Fig. 4, a coupled line 20 comprises a dielectric substrate 
21, microstrip lines 22 and 23, and a ground electrode 24. The microstrip lines 22 and 
23 have a rectangular cross-section, are arranged with a space g3 therebetween, and 
are electromagnetically coupled to each other. 

However, in the aforesaid prior art, it is impossible to make the space between 
two microstrip lines smaller than the smallest space which is obtainable by a 
conventional electrode forming process. Because light enters the area under 
photomask which should remain unexposed to make the space between two microstrip 
lines when the resist adjacent to the photomask is exposed. Accordingly the area is 
also exposed and it is impossible to make the space. Therefore, the degree of 
coupling between the microstrip lines, which depends on the space therebetween, is 
limited by the electrode forming process. 

The present invention is able to solve the above problem. The invention 
provides a coupled line in which the degree of coupling between microstrip lines has 
been increased by making the space therebetween less than the smallest possible space 
that can be obtained in a conventional electrode forming process, and a method of 
producing the coupled line. 
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In order to achieve the above result, according to an aspect of the present 
invention, there is provided a coupled line having equal to or more than two 
microstrip lines closely arranged on the upper surface of a dielectric substrate with a 
ground electrode on the lower surface thereof, wherein the space between respective 
top sides of said microstrip lines is smaller than the space between respective bottom 
sides thereof in contact with the dielectric substrate. 

Preferably, a dielectric is provided between the adjacent microstrip lines. 

According to another aspect of the present invention, there is provided a 
method of producing a coupled line which comprises the steps of applying a resist 
onto the upper surface of a dielectric substrate having a ground electrode on the lower 
surface thereof, exposing the resist applied onto the upper surface of the dielectric 
substrate, with a photomask laid thereon, removing an unnecessary part of the resist 
from the upper surface of the dielectric substrate by developing the resist, forming on 
the upper surface of the dielectric substrate two parallel and close strip electrodes 
having the same thickness as the resist, and removing the remaining resist from the 

dielectric substrate. 

According to a further aspect of the present invention, there is provided a 
method of producing a coupled line which omits the above-mentioned step of 
removing the remaining resist from the dielectric substrate.e of the dielectric substrate 
by developing the resist, and forming on the upper surface. 



In the coupled line produced by the above methods, the space between 
microstrip lines is allowed to be smaller than the smallest possible space that can be 
obtained by a conventional electrode forming process. 

Embodiments of this invention will now be described, by way of example 
only, with reference to the accompanying drawings of which:- 

Fig. 1 is a cross-sectional view of a coupled line according to an embodiment 
of the present invention; 

Fig. 2 is a cross-sectional view of a coupled line according to another 
embodiment of the present invention; 

Figs. 3 A to 3E are views showing a procedure for producing a coupled line 
according to an embodiment of the present invention. Fig. 3 A shows a step in which 
a resist is applied onto a dielectric substrate having a ground electrode formed 
thereon, Fig. 3B shows a step in which the resist is exposed, Fig. 3C shows a step in 
which exposed parts of the resist are removed, Fig. 3D shows a step in which 
microstrip lines are formed in sections cleared of the parts of the resist, and Fig. 3E 
shows a state in which the remaining resist is removed. 

Fig. 4 is a cross-sectional view of a conventional coupled line. 

Referring to Fig. 1 , a coupled line 1 comprises a dielectric substrate 2, two 
parallel and close microstrip lines 3 and 4, and a ground electrode 5. The microstrip 
lines 3 and 4 are arranged with a space g 1 therebetween, which is the smallest 
possible space that can be obtained in a conventional electrode forming process, at the 



bottom sides thereof in contact with the dielectric substrate 2, and are arranged for 
being electromagnetically coupled to each other. 

The microstrip lines 3 and 4 have a cross-section shaped like a trapezoid 
which is wide at the top side and narrow on the bottom side which is in contact with 
the dielectric substrate 2. Therefore, a space g2 between the microstrip lines 3 and 4 
at the top side is smaller than the smallest possible space gl therebetween which is 
obtainable in the conventional electrode forming process. 

Such formation of the coupled line allows the space between the microstrip 
lines 3 and 4 to be made smaller than the smallest possible space previously 
obtainable. As a result, it is possible to increase the capacitance between the 
microstrip lines 3 and 4, and to thereby strengthen the coupling therebetween. 
Furthermore, since the widths of the microstrip lines 3 and 4 at their top sides are 
increased, the cross-sectional areas thereof also increase, whereby conductor loss is 
reduced. 

Fig. 2 is a cross-sectional view of a coupled line according to another 
embodiment of the present invention. In Fig. 2, the same components as in Fig. 1 are 
denoted by the same numerals, and a description thereof is omitted. Referring to Fig. 
2, a dielectric 1 1 having the same thickness as microstrip lines 3 and 4 is provided on 
the upper surface of a dielectric substrate 2 except where the microstrip lines 3 and 4 
are formed, and particularly, is provided between the microstrip lines 3 and 4. 
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Such formation of the coupled line makes it possible to increase the 
capacitance between the microstrip lines 3 and 4, and to thereby further strengthen the 
coupling therebetween. 

Figs. 3 A to 3 E are cross-sectional views of the production process of the 
coupled line of the present invention. The components which are the same as or 
equivalent to those in Figs. 1 and 2 are denoted by the same numerals. 

A method of producing a coupled line according to the present invention will 
be described below with reference to Figs. 3 A to 3E. 

First, as shown in Fig. 3 A, a dielectric substrate 2 with a ground electrode 5 
formed on the lower surface thereof is prepared, and a resist 6 having almost the same 
thickness as that of electrodes to be formed as strip lines is applied on the upper 
surface of the dielectric substrate 2. (Step I.) 

Next, a photomask with lines formed corresponding to microstrip lines 3 and 4 
is laid on the resist 6, and the resist 6 is exposed. Thus, only sections 7 of the resist 6 
(where microstrip lines are to be formed) are exposed to light, as shown in Fig. 3B. 
At this time, since the pattern on the photomask is designed with the greatest fineness 
possible in the electrode forming process, the space gl is the smallest possible space 
that is obtainable. (Step 2.) 

Then, as shown in Fig. 3C, the exposed resist sections 7 are removed by 
development, forming openings 1 2. At the same time, edges of unexposed sections 
of the resist 6 adjacent to the exposed resist sections 7 are also removed diagonally by 
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controlling the conditions of exposure in Step 2 and the conditions of development in 
this Step 3, by techniques known to those skilled in the art. The openings 12 are 
thereby shaped like trapezoids. The inclination of the sides of the trapezoids can be 
adjusted by changing the conditions of exposure in Step 2. (Step 3.) 

As the exposure becomes strong, the inclination of the sides of the trapezoid 

becomes gentle. 

As the exposure becomes weak, the inclination of the sides of the trapezoid 
becomes steep. 

When the time of development lasts long, the inclination of the sides of the 

trapezoid becomes gentle. 

When the time of development lasts short, the inclination of the sides becomes 

of the trapezoid steep. 

Next, as shown in Fig. 3D, two parallel and close microstrip lines 3 and 4, 
which have a thickness almost equal to or less than that of the resist 6, are formed, by 
plating, evaporation, sputtering or the like, in the openings 12 on the dielectric 
substrate 2 where the exposed resist sections 7 were removed. The shapes of the 
microstrip lines 3 and 4 are each widened toward the top sides thereof because of the 
inclination of the sides of the openings 12 in cross section. As a result, a space g2 
between the microstrip lines 3 and 4 at the top sides thereof is less than the space g 1 , 
which is the smallest possible space on a photomask, by the inclinations of the cross- 
sections thereof. (Step 4.) 



Finally, the resist 6 is removed from the dielectric substrate 2 by a solvent or 
the like as shown in Fig. 3E. (Step 5.) 

As described above, a coupled line, in which the space between the two 
microstrip lines 3 and 4 is smaller at their top sides than at the bottom sides in contact 
with the dielectric substrate 2, as shown in Fig. 1, may be produced by Steps 1 to 5. 

If Step 5 is omitted, a coupled line can be produced in which the dielectric 1 1 
is provided between the two microstrip lines 3 and 4, as shown in Fig. 2. In this case, 
the resist 6 serves as the dielectric 1 1 shown in Fig. 2. In these embodiments, the 
space g2 between the two microstrip lines 3 and 4 on the front side is less than the 
smallest possible space gl that can be conventionally be made by the photomask. 

Although the dielectric substrate in the embodiment shown in Figs. 3 A to 3E, 
a ground electrode is previously formed on the base thereof, the same advantages can 
be obtained if a ground electrode is formed after forming the microstrip lines. 

Such formation of the coupled line makes it possible to make the space 
between the microstrip lines at the top sides less than the smallest possible space that 
can be made by a conventional photomask, and to thereby further strengthen the 
coupling between the microstrip lines. Moreover, since the cross-sectional area of 
each microstrip line increases, the conductor loss thereof can be reduced. 

In particular, when a dielectric is provided between the microstrip lines, the 
capacitance therebetween increases, which further increases the degree of coupling 
therebetween. 
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Although two microstrip lines are coupled in the above embodiments, even if 
the number of microstrip lines is equal to or more than three, the same operation and 

advantages can be obtained. 

Furthermore, although the above embodiments use a positive resist whose 
exposed area is removed to form an electrode, a negative resist whose unexposed area 
is removed to form an electrode may be used instead. 

According to a coupled line and a method of producing the coupled line of the 
present invention, since the space between two microstrip lines for constituting the 
coupled line on the front side is less than the space therebetween on the side in contact 
with a dielectric substrate, it is possible to make the space between the microstrip 
lines less than the smallest possible space to be made in an electrode forming process, 
and to thereby strengthen the degree of coupling between the microstrip lines. 

The degree of coupling between the two microstrip lines can be ftirther 
increased by providing a dielectric therebetween. 



CLAIMS: 

1 . A coupled line having two microstrip lines closely arranged on an 
upper surface of a dielectric substrate with a ground electrode on a lower surface 
thereof, wherein a space between the microstrip lines at a top side thereof is smaller 
than the space therebetween at a bottom side thereof in contact with said dielectric 
substrate. 

2. A coupled line according to claim 1, wherein a dielectric is provided 
between said microstrip lines. 

3. A method of producing a coupled line comprising the steps of: 
applying a resist onto the upper surface of a dielectric substrate; 

exposing said resist applied onto the upper surface of said dielectric substrate, 
with a photomask laid thereon; 

removing an unnecessary part of said resist from the upper surface of said 
dielectric substrate by developing said resist to form openings; 

forming in said openings on the upper surface of said dielectric substrate two 
parallel and close strip electrodes arranged for being electromagnetically coupled 
together and having top sides which are closer together than bottom sides thereof 
which are in contact with said dielectric substrate. 

4. A method as claimed in claim 3, further comprising the step of forming 
a ground electrode on the lower surface of said dielectric substrate. 

5. A method as claimed inm claim 4, further comprising the step of removing the 
remaining resist from said dielectric substrate. 



6. A method as claimed in claim 4, wherein said ground electrode is formed 
before said electrodes are formed. 

7. A method as claimed in claim 4, wherein said ground electrode is formed after 
said electrodes are formed. 

8. A method as claimed in claim 3, further comprising the step of removing the 
remaining resist from said dielectric susbstrate. 

9. A method as claimed in claim 3, wherein said electrodes are formed with a 
thickness no greater than that of the resist. 

10. A coupled line substantially as hereinbefore described with reference to Fig. 1 
or Fig. 2 of the accompanying drawings. 

11. A method of producing a coupled line substantially as hereinbefore described 
with reference to Fig. 3(a) to Fig. 3(e) of the accompanying drawings. 
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